After decades of substantial progress in syphilis control, the number of primary and secondary syphilis cases in California increased each year from 1999 through 2008. 1 Prior to 2000, syphilis in California had been primarily among heterosexual populations 2,3 ; however, recent increases have been among men who have sex with men (MSM). 1 Similar increases in infectious syphilis cases among MSM have been seen in other metropolitan areas across the United States.
4---9
Increasing numbers of MSM have reported using the Internet to meet sex partners 10---12 (hereafter referred to simply as "Internet use"); a meta-analysis by Liau et al. placed the figure at approximately 40%. 13 Early studies examining the association between Internet use and sexual risk behavior found that MSM who reported seeking sex partners online were more likely to report both higher numbers of partners and more anonymous, unlocatable partners than MSM not seeking partners online. 14, 15 In San Francisco, an outbreak of syphilis among MSM was linked to seeking sex partners through an online chatroom. 16 Several studies also found that individuals using the Internet to seek sex partners were at greater risk for sexually transmitted disease (STD) than individuals not seeking sex partners online. 17---19 More recent research suggests that such Internet use is a general marker of individuals who already engage in or seek out high-risk sexual behavior; however, its independent contribution to increasing one's risk of STD infection is unclear. 20---23 An association between methamphetamine use and risky sexual behavior for STD/HIV transmission among MSM has been well documented. A cross-sectional study in San Francisco found that methamphetamine use, particularly in combination with sildenafil (Viagra), was associated with an increased risk of early syphilis infection among MSM seen at an STD clinic. 17 Methamphetamine users are more likely than nonmethamphetamine users to report multiple and anonymous sex partners, STD coinfections, and more frequent unprotected anal intercourse with HIV serodiscordant partners or partners with unknown HIV status. 24---27 Although methamphetamine use and Internet use have been associated with risky sexual behavior and risk of STD/HIV infection, few studies have examined the effect of these factors together. 28, 29 We describe the demographics and risk characteristics of MSM primary and secondary syphilis cases diagnosed in California between 2004 and 2008 and, in particular, the relationship of methamphetamine use and Internet use with reported number of sex partners within the year prior to syphilis diagnosis.
METHODS
California laws mandate that laboratories and health care providers report positive syphilis tests and suspected syphilis cases, respectively, to local health departments. 30 The stages of syphilis cases were determined according to standard Centers for Disease Control and Prevention (CDC) public health surveillance case definitions. 31 Individuals with infectious syphilis are contacted and interviewed by trained disease intervention specialists. Demographic, clinical, and self-reported risk behavior data, as well as information regarding the location of sex partners for the Objectives. We examined primary and secondary syphilis cases among men who have sex with men (MSM) in California, and the association of methamphetamine use and Internet use to meet sex partners (Internet use) with number of sex partners.
Methods. We analyzed California surveillance data for MSM who were diagnosed with syphilis between 2004 and 2008, to assess differences in the mean number of sex partners by methamphetamine use and mutually exclusive groups of patients reporting Internet use (Internet users).
Results. Large proportions of patients reported methamphetamine use (19.2%) and Internet use (36.4%). From 2006 through 2008, Adam4Adam was the most frequently reported Web site statewide, despite temporal and regional differences in Web site usage. Methamphetamine users reported more sex partners (mean = 11.7) than nonmethamphetamine users (mean = 5.6; P < .001). Internet users reported more sex partners (mean = 9.8) than non-Internet users (mean = 5.0; P < .001). Multivariable analysis of variance confirmed an independent association of methamphetamine and Internet use with increased numbers of sex partners.
Conclusions. 
Demographics
We examined frequencies of MSM cases by age, race/ethnicity, sexual orientation (bisexual vs MSM only), and stage of syphilis diagnosis. We classified males as MSM if they reported sex with only male partners in the 12 months prior to syphilis diagnosis, or as bisexual if they reported both male and female sex partners. If gender of sex partner was not available from the patient, information from health care providers was used, if available.
We stratified number of cases and estimated primary and secondary syphilis rates among MSM by 6 California regions, on the basis of residence at time of diagnosis: Northern, Bay Area, San Francisco, Central, Southern, and Los Angeles. To provide the denominator for calculating MSM rates, we used same-sex couple and gay, lesbian, and bisexual population estimates from the 2006 American Community Survey, which indicates that 15% of men in San Francisco are MSM, compared with 5.2% of men in all other California regions. 32 
Risk Characteristics
HIV status, venues used to meet sex partners, and number of sex partners during the critical period (the interval during which syphilis infection was most likely acquired; i.e., 3 months for primary syphilis and 6 months for secondary syphilis) were based on selfreport. We also asked patients about use of specific drugs, including methamphetamines. We further examined the prevalence of methamphetamine use and Internet use in the year prior to syphilis diagnosis and stratified the results by region.
We asked patients reporting Internet use to name specific Web sites used to meet sex partners. Web sites reported by at least 10% of patients seeking sex partners online in any given year from 2004 through 2008 were referred to as "main sites." We then classified patients into mutually exclusive groups of Internet users (hereafter referred to as "Internet user group"), depending on reported Web sites used. "Single main site" denotes reported exclusive use of a main site. "Multiple sites" denotes reported use of at least 1 main site, in addition to any other main or nonmain Web sites. "Other sites" denotes reported use of 1 or more nonmain Web site only. Patients who reported Internet use but did not name specific Web sites used were classified as "unknown."
Statistical Analysis
We assessed demographic and risk characteristics using frequency distributions. We used t tests to assess significant differences in the mean number of sex partners for dichotomous variables. We used 1-way analysis of variance (ANOVA) to assess overall significant differences in mean number of sex partners among Internet user group patients and among single main site patients, as well as region.
We used multivariable ANOVA to assess differences in the mean number of sex partners by methamphetamine use and Internet use, adjusting for region. Model 1, which included all interviewed MSM cases, assessed differences by methamphetamine use and Internet use. We also examined HIV status as a potential confounder, given the high HIV coinfection rate among MSM syphilis cases. 1 Model 2, which was restricted to cases reporting Internet use, assessed differences by methamphetamine use and Internet user group (single main site, multiple, other, unknown); this model excluded Northern and Central regions because of small numbers. Model 3, which was further restricted to single main site patients, assessed significant differences by methamphetamine use and specific main sites. We set statistical significance at P < .05 for t test and ANOVA models and used a cutoff of P < .1 for potential interaction terms in the multivariable models. We used manual elimination to remove nonsignificant interactions and main effects in the multivariable models.
In addition to the mean, we assessed the median and the 75th and 95th percentiles to describe the distribution of the number of sex partners. In particular, we examined the 95th percentile to identify subgroups with particularly large numbers of sex partners, which are likely to have an important impact on disease transmission dynamics. We also assessed possible outlier numbers of reported sex partners. After closely examining the partner data, we chose a cutpoint of 200 sex partners to account for the effect of 9 individuals with 200 or more partners, who constituted only 0.15% of interviewed cases from 2004 to 2008 but whose inclusion resulted in an 86% increase in standard deviation (from 13.5 to 25.1). These 9 outliers were subsequently excluded from the multivariable ANOVA models because of their substantial influence on the mean and variance of sex partner estimates. All multivariate models were rerun to include these 9 outliers, with no effect on the key findings for methamphetamine use or Internet use, and only minor changes to the significance of interaction terms. We also excluded patients with missing sex partner data from all analyses related to number of sex partners. We conducted all statistical analyses using SAS version 9.1.3 (SAS Institute, Cary, NC).
RESULTS
The number of primary and secondary syph- The majority of these patients were diagnosed with secondary syphilis (71.0%), were White (51.4%), were HIV positive (58.9%, based on patients whose status was known), and reported sex with men only (91.7%; Table 1 ). The median age was 37 years (range = 14---75 years). The Internet was the most commonly reported venue used to meet sex partners (36.4%), and 19.2% of patients reported using methamphetamines in the year prior to syphilis diagnosis.
The majority of both primary and secondary patients reported 1 to 4 sex partners (67.7% and 60.6%, respectively), with a median of 3 sex partners, regardless of syphilis stage. The 95th percentile of number of sex partners was 25; a relatively small proportion of patients (0.85%) reported 100 or more sex partners, with 5 patients reporting 200 to 499 sex partners and 4 patients reporting more than 500 sex partners (Table 1) .
Regionally, the majority of cases were diagnosed in the Los Angeles, Southern California, and San Francisco regions, with San Francisco having by far the highest estimated syphilis rate among MSM statewide (331.6 per 100 000 population; Table 2 ). Patients from the San Francisco, Central, and Southern regions reported the highest proportions of Internet use (44.5%, 41.5%, and 40.0%, respectively), and the highest proportions of methamphetamine use were reported from the San Francisco (26.6%) and Southern (23.3%) regions. Reported Internet use and methamphetamine use were low in Los Angeles and Northern California, compared with other regions (Table 2) .
Five Web sites were reported by at least 10% of cases seeking sex partners online in Web sites used to meet sex partners also differed by region. Among San Francisco cases, Manhunt (34.6%) was the most frequently reported Web site used, whereas relatively fewer cases reported using Adam4Adam (11.4%). By contrast, Adam4Adam was the most frequently reported Web site among patients in the Southern (51.1%) and Northern (38.8%) regions. Cases in the Bay Area and Central regions reported less use of Adam4Adam and Manhunt, compared with use of Gay.com and Craigslist (data not shown).
Internet Use and Methamphetamine Use (Model 1)
Of the 5916 patients diagnosed between 2004 and 2008, 1138 (19.2%) reported methamphetamine use and 2148 (36.3%) reported using the Internet to meet sex partners in the year prior to syphilis diagnosis (Table 3) .
Methamphetamine users reported significantly more sex partners (mean = 11.7; 95% confidence interval [CI] = 10.4, 13.0) than did nonmethamphetamine users (mean = 5.6; 95% CI = 5.3, 5.9; P < .001). Patients reporting Internet use reported significantly more sex partners (mean = 9.8; 95% CI = 9.1, 10.5) than did those not reporting Internet use (mean = 5.0; 95% CI = 4.6, 5.4; P < .001; Table 3 ). Significant differences in mean number of sex partners were also found by region (P < .001), with San Francisco patients reporting the highest number of sex partners (mean = 10.1; 95% CI = 9.1, 11.1) and Central region patients reporting the least number of sex partners (mean = 3.9; 95% CI = 2.8, 4.9).
Model 1 indicated that methamphetamine use (P < .001), Internet use (P < .001), and region (P < .001) were independently associated with higher numbers of sex partners (Table 3) . Interaction was observed between methamphetamine use and Internet use (P = .01): methamphetamine users had a larger difference in mean number of sex partners between Internet and non-Internet users (n = 5.9) than did nonmethamphetamine users (n = 3.6). Interaction was also observed between methamphetamine use and region (P < .001); for example, Los Angeles methamphetamine users reported an average of 9.1 more sex partners than did nonmethamphetamine users, whereas almost no difference was observed in the Central region.
Although bivariable analysis showed that HIV-positive patients (mean = 7.2) reported a significantly higher mean number of sex partners than either HIV-negative patients (mean = 6.6) or those whose HIV status was unknown or who refused to disclose it (mean = 5.1; P = .01), HIV infection (and related interaction terms) was nonsignificant in model 1 and was therefore excluded from further multivariable analyses.
Internet User Group and Methamphetamine Use (Model 2)
Of the 2148 patients reporting Internet use, 50.4% were classified as single-main-site users, 26.3% as multiple-site users, 10.6% as othersite users, and 12.8% as unknown (Table 3) . Among multiple-site users, 56.9% reported using only the top 5 Web sites that met the 10% criteria (i.e., Adam4Adam, Manhunt, Craigslist, Gay.com, AOL). There were significant differences in the number of sex partners among Internet user group categories, as follows: single main site (mean = 8.2; 95% CI = 7.4, 9.1), multiple sites (mean = 14.1; 95% CI = 12.3, 15.8), other sites (mean = 9.1; 95% CI = 6.7, 11.5), and unknown (mean = 7.8; 95% CI = 6.3, 9.3; P < .001). Multiplesite users also reported the highest proportion of methamphetamine use among Internet user groups (35.3%), followed by single-site users (25.9%). Model 2 indicated that methamphetamine use (P < .001), Internet user group (P = .04), and region (P < .001) remained independently associated with mean number of sex partners (Table 3) . We found significant interaction between region and methamphetamine use (P = .02) and between Internet user group and region (P = .002).
Single Main Sites and Methamphetamine Use (Model 3)
Among the 1082 single-main-site users, Adam4Adam was the most frequently reported Web site (n = 424; 39.2%), followed by Manhunt (n = 274; 25.3%). Patients using Manhunt reported the most sex partners (mean = 12.0; 95% CI = 6.1, 8.4), followed by AOL.com (mean = 9.9; 95% CI = 4.1, 15.6) and Adam4Adam (mean = 7.2; 95% CI = 6.1, 8.4). Patients exclusively using Gay.com to meet sex partners reported the least number of sex partners (mean = 5.6; 95% CI = 4.2, 7.0; P < .001). Patients reporting exclusive use of Manhunt also reported the highest proportion of methamphetamine use (35.8%), followed by Adam4Adam users (29.3%). Patients using Gay.com reported the lowest proportion of methamphetamine use (25.0%; Table 3 ).
Model 3 showed that mean number of sex partners was significantly associated with single main site use (P < .001; Table 3 ). We found significant interaction between single main site use and methamphetamine use (P = .03); for example, among Manhunt.com users, those using methamphetamines reported an average of 9.2 more sex partners than those not using methamphetamines, whereas among Gay.com and AOL users, this difference was only 0.4 and 0.3 sex partners, respectively. We also observed regional differences in mean number of sex partners by methamphetamine use, ranging from 1.7 to 12.5 sex partners (P = .096; data not shown).
Ninety-Fifth Percentile
Beyond differences in the mean number of sex partners, we observed important findings related to STD transmission dynamics in the extreme distributions of number of sex partners; the 95th percentile of the number of sex partners was 50 among methamphetamine users compared with 20 among nonmethamphetamine users. Similarly, the 95th percentile among patients reporting Internet use was 40 sex partners, compared with 20 among patients not seeking sex partners online. Among single-main-site users, the highest 95th percentile of number of sex partners was among patients using Manhunt and AOL.com (50 sex partners each), although the latter was the least frequently reported Web site used (n = 44). The independent contributions of Internet use and methamphetamine use resulted in the highest mean and 95th percentile of number of sex partners among patients reporting both risk factors (mean = 14.5; 95% CI = 12.6, 16.4; 95th percentile = 50), compared with nonmethamphetamine users who did not report seeking sex partners online (mean = 4.4; 95% CI = 4.1, 4.7; 95th percentile = 15; data not shown). This relationship did not change when the 9 cases with 200 or more sex partners were included.
DISCUSSION
The number of infectious syphilis cases in California increased 629% between 1999 and 2008 and 58.5% between 2004 and 2008, with MSM accounting for a high proportion of cases during this period. Just more than one third of patients from 2004 to 2008 reported using the Internet to meet sex partners, demonstrating the importance of the Internet among MSM for partner selection and potential expansion of social and sexual networks. About one fifth of patients reported methamphetamine use, and its association with higher numbers of sex partners also points to the potentially important role it plays in sexual networks and increased likelihood of syphilis and other STD transmission.
Use of specific Web sites to meet sex partners varied over time. Use of commonly reported Web sites in 2004 decreased in subsequent years, whereas others (e.g., Adam4Adam and Manhunt) emerged as the most commonly reported Web sites statewide in recent years. Regional differences in reported use of particular Web sites indicate the need for Internet-specific interventions that incorporate an understanding of geographic Web site trends.
Our observation that patients meeting sex partners on emerging Web sites (e.g., Adam4Adam and Manhunt) were more likely to report higher proportions of methamphetamine use than users of other less commonly reported Web sites suggests the opportunity for targeted interventions that address drug use among individuals seeking sex partners online. It also points to the possibility of using Web sites as markers of network involvement and risky behavior, as recent research indicates that individuals with a tendency toward high-risk behaviors use the Internet to meet partners. 20---23 Furthermore, our finding that Internet use and methamphetamine use were independently associated with higher numbers of sex partners in all models, and that persons reporting both methamphetamine use and Internet use had very high means and 95th percentiles of sex partners, suggests that individuals engaged in both activities may play an important role in ongoing disease transmission, particularly since the Internet offers an increasingly efficient, user-friendly, and expansive medium by which high-risk individuals can form new drug-related or sexual partnerships. Interventions should also consider how various Web site characteristics, such as free or low-cost membership, wide reach, partner and risk selection methods, and options for information disclosure, may appeal to different types of users with varying levels of risk-seeking behavior. 33 Local health jurisdictions, particularly those with rising infectious syphilis rates, have developed innovative, Internet-based, public health interventions in response to increasing numbers of individuals seeking sex partners online. These interventions include e-mail partner notification, online health message boards, interactive chats, banner ads, and online laboratory slips for STD/HIV testing. 34, 35 One challenge to such interventions is the inability to geo-target advertising on some Web sites, thus disinclining health departments to pay for health messages or advertising not specific to their jurisdictions. Innovative drug treatment and harm reduction programs have also been developed to eliminate methamphetamine dependency and modify sexual risk behaviors that facilitate the spread of STD/HIV. 36 Combining expertise and resources from these 2 intervention efforts could help address high-risk behaviors that contribute to STD infection. Additionally, new technology, such as smart mobile devices, provides individuals with constant access to the Internet and Web-based social and sexual networks. This, in conjunction with the rapid emergence of new social networking Web sites specifically suited to these new technologies, demands consistent communication with field staff and ongoing, systematic review of syphilis case interviews for development of effective and relevant interventions for reducing Internet-associated STD transmission.
Limitations
This analysis is subject to several limitations. Individuals were asked about Internet use and methamphetamine use in the past 12 months, whereas number of partners referred to the past 3 or 6 months. Although substantial changes in behavior within this relatively short time frame seem unlikely to be common, our data did not allow assessment of whether reported sex partners were in fact met online or through another venue. The proportion of MSM seeking sex partners online and using methamphetamines may also be underestimated, since all risk behavior data were based on self-report. However, field staff are skilled in developing rapport with persons they interview and are experienced in discussing stigmatized behaviors with sensitivity. If the distribution of any of our key variables varied by syphilis stage, the differing time frames for primary vs secondary syphilis cases could have created a potential bias. We were further limited by our inability to extrapolate partner data from 3 to 6 months, or vice versa. Stratification of our variables of interest by syphilis stage did not yield any significant differences in the association with number of sex partners.
A small proportion of patients could not be located for interview, creating potential for bias, since noninterviewed and interviewed patients may differ with respect to key risk characteristics or sexual networks. In addition, methamphetamine use in Los Angeles was probably underestimated, as anecdotal field reports suggest that a higher proportion of patients used methamphetamines than the figure we were able to derive from the freetext drug use variable available for syphilis case interviews in Los Angeles.
Specific Internet Web sites used to meet sex partners are recorded as free text in the California syphilis surveillance and case management record, leaving room not only for misspelling and data entry errors but also for multiple Web sites being entered into a single, open-ended field. Although programming allowed for individual extraction and analysis of more commonly reported Web sites, the many less frequently reported "other" sites were not individually analyzed. In addition, these analyses did not take into account other venues where individuals may seek out sex partners, in addition to or instead of the Internet (e.g., bars and clubs, bathhouses and sex clubs, circuit parties).
Finally, the syphilis epidemic in California is primarily among non-Hispanic White MSM, and therefore our findings may not be generalizable to areas experiencing syphilis increases among heterosexual or different racial/ethnic communities.
Conclusions
Infectious syphilis in California continues to increase, particularly among MSM. Both methamphetamine use and Internet use are significantly associated with higher numbers of For multivariate analysis, additional variables retained in the final model were meth use (P < .001), region (P < .001), Internet user group and region interaction (P = .002), and meth use and region interaction (P = .02). Model 2 excluded Northern and Central regions. e For model 3, results for only single main sites are displayed. Bivariate analysis included (1) meth use (P < .001), (2) single main sites, and (3) region (P = .059). For multivariate analysis, additional variables retained in the final model were single main sites and meth use interaction (P = .03), meth use and region interaction (P = .096), and nonsignificant-terms meth use (P = .26) and region (P = .18).
partners, indicating an important role in ongoing STD transmission. Collaboration between existing but currently stand-alone interventions for methamphetamine dependency and Internet use may offer potential advances in syphilis and other STD control efforts. Our analysis highlights the need for continuous monitoring of Internet venues that may be potential targets for successful intervention, given the nature of Web site use and the frequency with which Web sites fall in and out of popularity among MSM syphilis patients in California. j
